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Cu-Co 基和 Cu-Cr 基合金具有高强度高导电率，是潜在的高性能铜合金。为了更
有效地改进合金性能和优化合金成分，有必要掌握 Cu-Co 基和 Cu-Cr 基合金相
图等基础理论信息。 
本论文通过实验测定和热力学计算两种途径研究了 Cu-Co-X (X: Cr, Mo, Nb, 
Si, V, W) 和 Cu-Cr-X (X: Nb, Si, Ta, V) 各三元系的相平衡。其主要研究工作如
下： 
(1) 实验测定了 Cu-Co-X (X: Cr, Mo, Nb, Si, V, W) 三元系 Cu-Co 侧在
800℃、900℃、1000℃、1100℃时的相平衡。 
(2) 实验测定了Cu-Cr-X (X: Nb, Si, Ta, V) 三元系Cu-Cr侧在800℃、 900℃、
1000℃、1100℃时的相平衡，以及 Cu-Cr-Nb 三元系在 1100℃、1200℃、1300℃
全成分范围内的相平衡。 
(3) 利用实验测定的结果和文献报道的实验信息，结合文献已报道的 Cu-Co、
Cu-Cr、Co-Cr、Cu-Nb 和 Cr-Nb 五个二元系相图的优化结果，对 Cu-Co-Cr 和
Cu-Cr-Nb 两个三元系的相平衡进行了热力学优化与计算。 


























With the rapid development of the micro-electronics industry, the demand for the 
high performance copper alloy is much more exigent. Cu-Co and Cu-Cr based alloys 
with high intensity and conductivity are considered as the potential high performance 
copper alloy. In order to improve the alloy properties and optimize alloy compositions, 
it is necessary to obtain the phase diagrams and other basic theory information in the 
Cu-Co and Cu-Cr based alloys.  
In this paper, experimental determination and thermodynamic assessments on the 
phase equilibria of the Cu-Co-X (X: Cr, Mo, Nb, Si, V, W) and Cu-Cr-X (X: Nb, Si, 
Ta, V) ternary systems were carried out. Major research contents are listed as follows: 
(1) The phase equilibria on the Cu-Co side in the Cu-Co-X (X: Cr, Mo, Nb, Si, V, 
W) ternary systems at 800℃, 900℃, 1000℃ and 1100℃ have been experimentally 
determined. 
(2) The phase equilibria on the Cu-Cr side in the Cu-Cr-X (X: Nb, Si, Ta, V) 
ternary systems at 800℃, 900℃, 1000℃ and 1100℃ have been experimentally 
determined, and the phase equilibria in the Cu-Cr-Nb ternary system at 1100℃, 
1200℃ and 1300℃ have been experimentally determined. 
(3) On the basis of experimental data obtained by this work and previous reports, 
the phase equilibria of the Cu-Co-Cr and Cu-Cr-Nb ternary systems have been 
calculated and optimized. The calculated results are in good agreements with the 
experimental data. 
(4) The effects of alloying elements and addition quantity on the miscibility gap of 
the liquid phase and solidified morphology in the Cu-Co and Cu-Cr based alloys are 
investigated, and the reason for the difference of the solidified morphology is 
explained by thermodynamic calculation. 
The obtained results of each system in this work can be applied to establish the 
thermodynamic database of Cu based alloys. In addition, the results in this work can 
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 1
第一章 绪论 
1.1 Cu 和 Cu 合金的性能特点及其应用 
1.1.1 Cu 的性能特点 
（1）铜的物理性质 
金属铜 (Copper)，化学符号 Cu,原子序数 29,元素原子量为 63.54，属周期




电体和导热体。铜的主要物理性质如表 1.1 所示[1]。 
表 1.1 Cu 的主要物理性质 
Table 1.1 Chief Physical Properties of Unalloyed Copper 
名称 数值 名称 数值 
原子序数 29 线膨胀系数 / μm ·m-1·K-1  
原子量 63.54 293 K 16.7 
原子半径 / nm 0.1275 600 K 18.9 
最小原子间距 / nm 0.2551 1200 K 24.8 
晶体结构 面心立方 热导率(27℃) / W ·m-1·K-1 398 
晶格常数 / nm 0.361509 电导率 / %IACS 103.06 
密度(20℃) / g ·cm-3 8.96 电阻率 / ×10-3Ω·m 0.017241 
熔点 / ℃ 1084.88 磁化率(18℃) / cm3·g-1 -1.08×10-6 
沸点 / ℃ 2567 离子半径 / nm 0.096 (Cu+) 
熔化潜热 / J ·g-1 204.9 共价半径 / nm 0.138 
汽化潜热 / J ·g-1 4800 元素负电性 2.43 
比热容(25℃) / J ·g-1·K-1 0.3843 第一电离能 / kJ ·mol-1 745 
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